This chapter deals with the simulation of the creep process and the effect of long-term strength of metals, notably, in both uniaxial and complex stress states. A description of a creep experiment and the simplest creep models are presented, that is, the theory of steady creep, the theory of ageing, the theory of flow and the theory of hardening. In creep process simulation, a kinetic theory based on the introduction of structural parameters characterising the state of the metal at a given time is widely used. Among such parameters, metal damage in the creep process, work of stresses on creep deformations (energy version) and concentration of an aggressive medium in the metal were studied. The coupled problem of creep and long tensile strength is also considered taking into account the mutual influence of damage accumulation and one-dimensional diffusion of the aggressive medium. The times to fracture are determined both in the presence of an aggressive medium and in the absence of one. A significant contribution of Soviet (Russian), European, American and Japanese scientists to the development of continuum damage mechanics is highlighted.
Introduction
In the late 1950s of the twentieth century, two outstanding Soviet scientists Kachanov and Rabotnov concluded that the terms of the deformed solid mechanics (stress and strain tensors and displacement vector) used at that time were insufficient to describe the process of creep and delayed fracture of materials and structural elements under creep conditions. They proposed a new approach to study the long-term strength called kinetic. It is based on the use of Kachanov [1] and Rabotnov's [2] damage parameter and the subsequently developed kinetic theory of creep and long-term strength by Rabotnov [3, 4] . The core of this approach is the introduction of a scalar parameter of damage ω(t) characterising the structural state of the material at an arbitrary time t. The initial state of the material (at t = 0) corresponds to ω =0;when the destruction occurs, the damage ω(t * ) takes the value of 1. Later, important results in this area were obtained by A.A. Ilyushin, S.A. Shesterikov, O.V. Sosnin and other Russian scientists.
Following the studies by Kachanov and Rabotnov, the mechanics of continuum fracture started to develop in different countries, mainly for the creep processes of metals. In the last 50 years, the continuum damage mechanics (CDM) has been extensively developing. Representatives of the English schools of mechanics F.A. Leckier and D.R. Hayhurst provided a significant contribution to the development of the theory of damage accumulation. Certain success was also achieved in the studies of Polish scientists M. Chrzanowski and W. Tramczynskii. In France, the CDM fundamentals were formulated using thermodynamic considerations (J. Lemaitre). In the beginning of the 1980s of the twentieth century, this section of mechanics was rapidly developing in the USA as a result of the work of many scientists. Since then, this area has been the centre of attention worldwide both with respect to the development of the fundamentals (some theoretical problems have still remained unsolved) and applications.
Creep under uniaxial tension
In the mechanics of solids, it is common to differentiate the materials under investigation by their reaction to load. When under an arbitrary loading process, the material immediately returns to its original state after the load is removed; this means that the material exhibits elastic properties. If after unloading there appear residual deformations that depend only on the load values and the order of their application, but do not depend on the loading rates and durations, such medium is called elastoplastic. When these deformations essentially depend on the duration of loading, such media have creep properties or, more generally, rheological properties.
Below, the simplest form of high-temperature mechanical testing-the uniaxial tensile test-is considered. It is assumed that the entire process of loading or deformation occurs under isothermal conditions. The tensile loading of a cylindrical specimen made of a homogeneous material with force P will be examined. Supposedly, the specimen L and its cross-sectional area d satisfy the condition L ≫ d. In this case, it can be further assumed that at a certain distance from the ends the section of the specimen with length l is subjected to uniform tensile loading. It is also assumed that the strains are low, the variation of the cross-sectional area is insignificant and the specimen is deformed uniformly, without the formation of local constrictions. The ratio of force P to the cross-sectional area of the specimen is referred to as stress σ, and the relative variation of length l is referred to as strain ε = Δl/l, where Δl is the increment of length l.
This chapter considers a case in which a stress σ(t) programme is given in the experiment and the dependency ε(t) is registered. It should be noted that at this stage, only those programmes that do not lead to the appearance of strain heterogeneities (as a result of the shear lines, neck formation, etc.) are examined.
The chapter contains various terms that are quite familiar to the reader. Therefore, it appears excessive to define such characteristics as deformation, strain tensor, deformation rate, stress and stress tensor.
Previously, it was mentioned that the creep of metals is manifested in the development of the deformation process with time, usually at elevated temperatures. Thus, even in the case of the uniaxial stress state, it is necessary to consider the four macroquantities-temperature, stress, time and strain. Creep characteristics determined in the experiments at constant temperatures can also often be used when evaluating the efficiency of structures at varying temperatures. To determine the dependences describing the creep process, it is usually necessary to use the data obtained in the standard uniaxial tension tests. Creep is mostly common with metals and alloys at absolute temperatures T higher than (0.4-0.5)T*( T* is the melting point on the absolute scale, i.e., in Kelvin (K)).
In the creep test, a cylindrical specimen with thermocouples attached to it is secured in the clamps of the loading machine and placed in the furnace. The temperature of the specimen is controlled using the thermocouples, and the results are sent to a tracking system. This system ensures heating of the specimen to the required level, and the temperature is then maintained constant with a specific accuracy. After complete heating of the furnace area, a tensile force is applied to the specimen. This force changes with time under a given law (in most cases, this force is constant or a fractional-constant time function). A strain measurement device is used to record the variation of the length of the specimen with time during continuous recording of the deformation diagram. The elongation of the specimen as a result of the creep of the material is accompanied by a decrease in the cross-sectional area and, consequently, the tensile stress increases continuously at a constant load.
In the tests of the materials characterised by high creep strains (of 4-5% order or more), there are used systems where the load is self-compensated so that the stress in the specimen remains constant. When testing a number of creep-resistant alloys, it appears that the creep strains remain relatively small (approximately 1-2%) up to the moment of fracture. In these conditions, the tests can be carried out at a constant load, and it can be assumed that the stresses remain unchanged during the experiment. The creep experiments show that even for the specimens taken from the same blank part (plate or bar) the creep strain values are greatly scattered for the same values of time (by up to 20-30% or more). The scatter is explained by the specific features of the individual specimens. Figure 1 schematically shows the curves characterising the strain dependence ε(t) on time t at the different stresses σ.
The conventional ε(t) curve corresponding to the average stress level (σ = σ 2 ) has three distinctive sections as follows: Section 1 with the constantly decreasing creep rate (unsteady creep), Section 2 with a constant (minimum) creep rate (steady-state creep) and Section 3 with accelerating creep preceding fracture. At relatively low stresses (σ = σ 1 ), the ε(t) curve can have only the nonsteady section. The curves leading to relatively high stresses (σ = σ 3 and σ = σ 4 ) may not have the first section, and when σ = σ 4 , only the third section is present. All these special features are satisfactorily explained by the presence of at least two structural deformation mechanisms (hardening and softening), which are determined by changes of the dislocation structure, the vacancy processes, phase transitions, grain size changes in the deformation process and other reasons. The preferential effect of one mechanism in comparison with the others leads to a change of the stages on the creep curve.
When constructing these curves, it is assumed that the loading time of the specimen to a given stress is very short compared to the test time. Therefore, the curves ε(t) start at the strain corresponding to the 'instantaneous' loading.
The creep theory seeks to determine a relationship between stress σ, time t, creep strain p and temperature T; this relationship, which is universal, should be capable of determining the creep curve p(t)=ε(t) À ε 0 (σ) at the arbitrary laws of stress σ(t) and temperature T(t) variations with time.
Different problems of the creep theory have been investigated in a number of monographs ( [3] [4] [5] [6] [7] , and others).
Without loss of generality, here and further on, it is possible to consider isothermal processes occurring at a constant temperature. The transition to other temperatures in creep and longterm strength simulation should be carried out using known temperature-time analogies specified, for example, in [6, 7] .
Here, the case is examined where σ(t) = const and the specimen is at the steady-state creep stage _ p σ; t ðÞ ¼ const most of the time. In this case, to describe the behaviour of the material, it is natural to use the relationship of the non-linear viscous flow called the theory of the steadystate creep:
(the dot above the symbol indicates the differentiation with respect to time t).
The steady-state creep rate _ p is of special importance, because in many technical applications it accounts for the main part of the accumulated creep strain. In most studies, the function f(σ)is a power function of the mechanical stress σ: 
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where A and n are the constants of the material.
To describe the first nonsteady section of the creep curve alongside the second one, it is possible to use different theories with the simplest one being the ageing theory:
The first analytical description of the ageing theory for metals was proposed by E.N. Andrade in 1920:
where the coefficients A and B depend on stress σ.
An important feature of the creep theory constructed using the relationships explicitly containing the time (this takes place when introducing the hypothesis of ageing) is that they are valid only at constant or relatively slowly changing stresses. For a sudden stress variation, these theories lead to a stepwise variation of the creep strains, too, which is naturally impossible. However, since the ageing hypothesis leads to smaller mathematical difficulties in comparison with the other theories, it is used in calculations with considerable success taking into account the scope of its applicability.
The first attempt to overcome the shortcomings of the above-described ageing theory was considered to be the С.С. Davenport's (1938) hypothesis, according to which relation ( 3 ) should be replaced by a relation of the following form:
or taking the elastic properties into account:
This theory is called the theory of ageing in the form of a flow or, briefly, the flow theory.
The simplest consistent assumption used to describe an unstable creep area at a constant temperature is that the creep rate _ pt ðÞfor an arbitrary value of t is determined by the stress σ and the current value of the creep strain:
From Eq. (7), which is the basis of the hardening theory, it follows that the creep rate does not depend explicitly on time t. This fact indicates a significant advantage of the hardening theory over other theories.
The most promising theory in the mechanics of solid media to describe the creep processes of structural metals is the concept of the mechanical equation of state, proposed by Rabotnov [3, 4] .
According to this concept, the creep rate _ p of a structurally stable material at every moment of time t depends on the magnitude of applied stress, temperature and the structural state of the material at this moment t. The structural state of the material is characterised by the set of values q 1 , q 2 , … , q N , which are called the structural parameters. The kinetic creep theory consists of the mechanical equation of state
and a system of kinetic equations to determine the parameters q i . The structural parameters q i (i =1,2, … , N) used in Eqs. (8) and ( 3 ) vary during deformation in accordance with the kinetic equations:
and the coefficients a i , b i , c i , g i are the functions of p , σ , t , T and also of q 1 , q 2 , … q N . Relationships (8) and (9) widen the range of theories available to describe greatly varying experimental results. Extensive studies of the creep of metals using the mechanical equation of state in form (8) supplemented by kinetic equations (9) were carried out in a large number of researches by Rabotnov and his colleagues [8] .
A creep process with a stepwise increase of the stress σ(t) is investigated below. For an analytical description of the creep curve after changing the mechanical stress, the system of equations (8) and (9) is used. Consider the energy version of the kinetic theory.
At N =1,a 1 = a 1 (σ), b 1 =0,c 1 =0,g 1 = 0, in a partial case a 1 (σ)=σ and
Here, the parameter q is the work of stresses acting at the creep strains. Application of this version in the theory to describe the creep process based on the energy approach has been widely used in the studies by Sosnin and his colleagues [9] .
In [10] , the results of experimental verification of this version of the theory for D16AT aluminium alloy at the temperature of 150 C are presented. The circles in Figure 2 show the experimental creep curves at σ 1 = 150 МРа and σ 2 = 250 MPa.
When simulating these experimental data, the simplest form of the hardening theory is initially examined assuming that it is expressed as follows:
It is further assumed that f(σ) has the form of a power function. Therefore,
Integration of differential equation (12) separately over the intervals 0 < t < t 1 and t > t 1 results in the following expressions:
where
Now, the version of equations (8) and (9) is selected in such a way that at a constant stress (σ 1 = σ 2 ) they coincide with (12):
In the first creep section under the effect of the stress σ = σ 1 , there is obtained q(t)=σ 1 p(t). Therefore, differential equations (12) and (15) coincide and, consequently, the creep curve, corresponding to the defining Eq. (15) at 0 < t < t 1 coincides with the curve (13) . After additional step loading, qt ðÞ¼σ 2 pt ðÞÀp 1 σ 2 À σ 1 ðÞ :
Substituting q(t) (16) into differential equation (15) and integrating this equation at t > t 1 taking into account the initial condition p(t 1 )=p 1 , it is obtained that
The dashed line in Figure 2 shows the creep curve calculated using Eq. (14) , and the solid line represents the curve calculated using Eq. (17) . Evidently, the hardening theory set up by Eq. (15) taking into account kinetic Eq. (10) describes the experimental data more efficiently than the simplest hardening theory (12) . Considering the system of Eqs. (8) and (9) with two kinetic parameters-in addition to the generally accepted hardening measure q 1 = p, we introduce the second parameter q 2 determined by the following relationship [11] :
If at the initial moment of time (t =0,p = 0), there is applied stress σ 1 that subsequently remains constant, and then q 2 =0 if 0<t < t 1 .
At a stepwise increase of stress at the time t 1 , the parameter q 2 , according to Eq. (18), receives the increment Δq 2 = p 1 (σ 2 À σ 1 ) > 0. The creep law in [11] is represented by the equation
Eq. (19) implies that additional introduction of the second kinetic parameter q 2 according to (18) leads to a higher creep rate increase after the instantaneous loading compared with the standard hardening theory (12) . In case of a step load, it follows from kinetic equation (18) that the parameter q 2 does not change. Figure 3 shows the experimental points [11] obtained on samples of D16T alloy, tested at the stress of σ 1 = 80 MPa for the time t 1 = 24 h and at σ 2 = 160 MPa and at t > t 1 (temperature of 200 C). The dashed line corresponds to standard hardening theory (12) , the solid line-to the theory with two kinetic parameters described by Eq. (19) . Figure 3 . Creep of D16T alloy [11] .
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These considerations show that the concept of equation of the mechanical state (8) with the system of the kinetic equation (9) proposed by Rabotnov to determine the structural parameters is highly promising for describing different special features of the material behaviours in the creep conditions.
Long-term strength under uniaxial tension
In the majority of cases when the levels of temperatures and stresses in the experiments are quite high, the deformation process over time ends with the fracture of the specimen. This moment is characterised by certain time t * determined by the given values of stress σ and temperature T. If a sufficiently large series of experiments is carried out, then for a number of temperature values T, it is possible to construct a series of curves t * (σ) which are referred to as the long-term strength curves. It should be noted that the actual experimental data for the majority of metals and alloys are greatly scattered.
Typical long-term strength curves are shown schematically in Figure 4 . In the first case, the points in the logarithmic coordinates are distributed over a single straight line. In the second case, the diagram consists of two straight sections. In this case, section AB of the diagram corresponds to ductile fracture, and section BC corresponds to brittle fracture. The diagram does not always consist of two straight lines characterised by a distinctive intersection point. Sometimes, a curvilinear transition region occurs between the straight lines AB and BC indicated by the dashed line-the region of mixed fracture.
A general approach to the fracture problem implies that the value ω (the extent of cracking) is regarded as a structural parameter. Therefore, the creep process is described by the creep equation
and the fracture process is described by the kinetic equation of gradual fracture
If the fracture is accompanied by a small elongation only, the stress σ at a constant tensile loading force may be regarded as constant (σ(t)=σ = const). In this case, Eq. (21) is integrated independently of (20) and provides the equation ω = ω(σ, t). Therefore, the moment of fracture t * is determined as the value t = t * at which ω = 1. Further, substitution of ω = ω(t) into Eq. (20) leads to the creep curve equation p(t). The following simplest Eqs. (20) and (21) can be used
_ ω ¼ Bσ m 1 À ω ðÞ Às :
As previously, here σ is the mean macrostress determined by the tensile force divided by the area of the sample. The deformation process is completed at the moment of fracture t = t * corresponding to the value of the parameter ω(t * ) = 1. Integration of the system of Eqs. (22) and (23) at s +1À k > 0 provides the equation of the creep curve
where the time to fracture t * and the respective limiting creep strain p * depend on the stress σ and the material constants as follows:
Some tests of metals in the creep conditions before fracture showed a non-monotonic change of the limiting creep strain p * corresponding to the moment of fracture t * in the investigated range of the constant tensile stress σ. In [12] , it was reported that when simulating the nonmonotonic dependence p * (σ), various functional relationships should be used to take into account the effect of stress on the creep rate and damage accumulation rate.
To describe the creep process at a constant stress up to the moment of fracture and to determine deformation p * , consider the exponential dependence of the creep rate on the stress:
_ p ¼ C sh σ=c ðÞ ðÞ 1 À ω ðÞ Àn (26) and the power-law dependence of the change rate of the kinetic parameter ω on σ:
Consider the relation _ p= _ ω and integrate it. As a result, in accordance with Eqs. (26) and (27), the following dependence of the limiting strain p * on the level of mechanical stress σ is obtained:
For relatively small values σ, the dependence p i * (σ) in (28) is decreasing; for sufficiently large values σ, this dependence is increasing. Consequently, at some intermediate value of the stress, the limiting strain is minimal. The condition dp * =dσ ðÞ j σ¼σ i ¼ 0 (29) with due account for Eq. (28) allows determining this value for kinetic equation (27):
th σ=c ðÞ ¼ σ= kc ðÞ :
(30) Figure 5 shows the creep curves for stainless steel Cr18Ni10Ti at 850 о С and at stresses σ =40À 80 MPa [12] . The experimental curves are shown by solid lines, and the theoretical curves are shown by dashed lines (n = 2.28, k = 3.1, C ¼ 2:02 Á 10 À4 h -1 , D ¼ 5:1 Á 10 À8 MPa ðÞ À3:1 h -1 , c = 17.8 MPa).
When describing a series of creep curves before fracture with an internal minimum of the dependence p * (σ), the types of dependencies _ p and _ ω on σ should be interchanged.
Creep under complex stress state
In the previous paragraphs, attention was given to the main assumptions regarding the metal creep phenomenon, and the basic models describing the creep of bars under uniaxial tensile loading were described. In the determination of the mechanical behaviour of the structural elements in the creep conditions, however, it is necessary, as a rule, to consider the multiaxial complex stress state. Experimental studies of creep in these conditions are associated with considerable technical difficulties, and, therefore, the currently available experimental data are not extensive and do not allow a reliable justification of any creep theory in the complex stress state conditions. To determine the characteristics of the material, tests are usually carried out on thin-walled, tubular specimens-the stress state in the specimens is usually generated by a combination of tensile loading with torsion or tensile loading with internal pressure. To generate the quasi-homogeneous stress state in the tubular specimens, the latter must be thin walled. In rare instances, experimental studies of creep in the complex stress state are carried out on a rectangular plate in biaxial loading conditions.
As noted in the beginning of the chapter, for the readers familiar with the basics of the theory of elasticity and plasticity, the concepts of stress tensors, strains and strain rates are also known.
Creep strains in the complex stress state p ij , just as in the case of uniaxial tension, mean the differences between total deformations ε ij and instantaneous deformations arising under quasi-static loading.
The first results of researching the creep of metals under multiaxial stress state conditions were published in the 1930s of the twentieth century. The basic principles of constructing the creep theory are considered in various monographs and textbooks.
Creep theories for the complex stress state usually consider the following three hypotheses:
1. The volume deformation is elastic (the material is always considered as incompressible).
2. The hypothesis of the proportionality of the stress deviators and creep strain rates (the flow-type theory) or the deviators of the stresses and strains (deformation theory).
3.
A functional relationship between the second invariants of the tensors of the stresses and creep strain rates (or the stress and strain tensors) is assumed to have such a form that the relationships of one of the well-known creep theories are fulfilled in the partial case of uniaxial tensile loading. The presence of such a relationship implies that the dependence of the intensity of creep strain rates _ p u on stress intensity σ u (or intensity of creep strains p u on σ u ) is the same at different types of the stress state (i.e., the 'single curve' hypothesis is satisfied). Sometimes, the dependence between the stress and strain intensities can be replaced by a similar dependence between the maximum tangential stress and the maximum shear stress. Different approaches to the construction of metal creep models under the conditions of the multiaxial complex stress state have been discussed in a number of monographs and journal articles (e.g., [3] [4] [5] [6] [7] ).
As an example of such models, consider the steady-state creep model.
The hypothesis of proportionality of stress deviators and creep strain rates for an incompressible body can be presented as follows:
The relationship of the tensors σ ij and _ p ij in the Cartesian coordinates can have the form:
The simplest version of the theory of steady-state creep under uniaxial tensile loading is the power dependence _ p 1 ¼ Bσ n 1 ; in a general case, the identical relationship of the second invariant of the corresponding tensors has the form 
Long-term strength under complex stress state
In the kinetic theory, damage accumulation is investigated as a process of gradual fracture of the material. In many studies of Russian and foreign scientists when examining the multiaxial complex stress state, special attention is given to the damage parameters that are not only of the scalar but also of vector and tensor nature. Modern versions of the kinetic theory allow describing the deformation and long-term fracture of metals in nonproportional loading taking into account the anisotropy of metal properties, using the theory to solve technological problems, etc.
Consider the uniaxial (σ 1 = σ 0 >0, σ 2 = σ 3 = 0) and equiaxed plane (σ 1 = σ 2 = σ 0 >0, σ 3 = 0) stress states for the same stress level σ 0 ( Figure 6 ). The available test results show that the time to fracture t * 1 in the uniaxial tensile loading is considerably greater than the time to fracture t * 2 in biaxial loading under these conditions (s ¼ t * 1 =t * 2 > 1) [13, 14] .
All the investigated experimental data indicate that the addition to the axial tensile loading stress of a transverse tensile stress of the same magnitude decreases the time to fracture several times.
Calculations of the long-term strength of structural members loaded under the conditions of the stationary multiaxial complex stress state are usually carried out using a criterial approach. In this approach, the only characteristic of the stress state taken into account is the so-called equivalent stress σ e . This characteristic is represented by different combinations of the stress tensor components with a distinctive mechanical meaning such as the maximum tensile stress, the intensity of tangential stresses, the difference of the maximum and minimum main stresses and other expressions. Since these equivalent stresses coincide (σ e = σ 0 ) for the investigated uniaxial and biaxial tensile loading, it is not possible to obtain different values of t * 1 and t * 2 using the criteria relationship t * = t * (σ e ). Further, two versions of the systems of kinetic equations with the vector damage parameter to describe different values of the time to fracture t * 1 and t * 2 are examined.
First, the dependence of the time to fracture t * on the type of stress state will be described taking into account the instantaneous damage for an isotropic material. This will be carried out using the generalisation of the vector approach taking into account the damage accumulated during loading. One of the possible models for describing different times t * 1 and t * 2 is the system or relationships:
where function φ(σ i ) characterises the projection of ω i on the x i axis of the vector of damage accumulated during loading; f(σ i ) is a constant rate of increase of the projection ω i with time t.
In uniaxial tensile loading, from relationships (34), it follows that
and in the case of the equal biaxial tensile loading, relationships (34) provide
Relationships (35) and (36) show that the instantaneous value of damage φ(σ 0 ) should be in the range 0 < φσ 0 ðÞ < ffiffi ffi 2 p =2, and the ratio
should exceed ffiffi ffi 2 p at any values of σ 0 in this range. As an example of using Eq. (34), the results of tests [13] which at σ 0 = 56.2 MPa lead to the following values are considered: t * 1 ¼ 900 h and t * 2 ¼ 280 h. At φ(σ 0 ) = 0.57 and f(σ 0 ) = 4.78 Á 10 À4 h À1 , the theoretical values of t * 1 and t * 2 calculated from the relationship (36) coincide with the respective experimental values.
Creep and long-term strength in the presence of aggressive medium
Forecasting the life of materials and structural elements residing under conditions of prolonged high-temperature loading in the presence of an aggressive medium is an extremely topical task to ensure reliability throughout the working lifespan. In this section, the influence of an aggressive medium on the creep and the long-term strength of materials and structural elements are considered [6, 7, [15] [16] [17] [18] . This influence is determined by the diffusion penetration of the medium elements into the material reducing the duration of operability.
Here, an analysis of the long-term tensile strength of a long, thin rod of a rectangular cross section with thickness H 0 and width b, with H 0 <<b residing in an aggressive medium, is presented [17] . Following the accepted geometric dimensions, a one-dimensional diffusion process in a rod along the axis x arranged along the thickness H 0 is considered. Together with the process of the aggressive medium diffusion in the rod, the accumulation of damage in the rod material during the creep process is taken into account. Examine the coupled problem of determining the long-term strength of a tension rod under the condition of mass transfer on its surface. This problem statement takes into consideration a mutual dependence of the concentration level of the medium c(x, t) in the rod material and the amount of accumulated damage ω. To this end, the dependence of the diffusion coefficient D on the level of damage ω is considered. For simplicity, the dependence D(ω) is assumed to be linear:
The following dimensionless variables,
are introduced, where t is the time, c is the concentration, σ 0 is the nominal stress and A and n are the material constants in the power law of creep.
Consider a simplified problem statement where ω t ÀÁ is understood as an integral mean damage in the rod cross section. The rod fracture criterion is considered as ω t * * ÀÁ ¼ 1:
In this case, the system of equations in the adopted dimensionless variables consisting of the parabolic diffusion equation and the kinetic equation of damage accumulation has the following form: 
The linear form of the function f c m t ÀÁ ÀÁ ¼ 1 þ ac m t ÀÁ is chosen, where c m t ÀÁ Ð 1 0 cx ; t ðÞ dx is the dimensionless integral mean concentration of the medium in the rod material.
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The initial and boundary conditions are assumed to be as follows:
where γ is the dimensionless mass transfer coefficient.
The following values of the constants are used in calculation n ¼ 3, γ ¼ 1,k¼ 4, A ¼ 0:01,a¼ 9:5:
The dependence ω t ÀÁ for constants (46) is shown in Figure 7 by a solid line, while the time to fracture t * * ¼ 7:16: In Figure 7 , the dashed line additionally shows the dependence ω(t)
corresponding to the solution of the system of Eq. (44) at k =0(t * ¼ 7:65). A comparison of the two curves ω(t)a tk = 0 and at k = 4 confirms that in the coupled problem (k > 0), the diffusion coefficient D ¼ 1 þ kω ðÞ increases with the increase of the damage so that the concentration level increases at a greater speed and the time to fracture decreases.
Conclusion
Analysis of various approaches to simulation of the metal creep phenomenon shows that the most promising is the kinetic theory concept. This concept allows describing the characteristic features of the metal deformation under creep conditions up to the moment of fracture under various temperature-force loading programmes.
Certain above-mentioned advantages of the kinetic theory of creep and long-term strength compared to other theories should be emphasised. As described in this chapter, various versions of the kinetic theory can describe deformation and long-term fracture of metals under step loading. After the introduction of the structural kinetic parameter of damage, the kinetic theory makes it possible to take into account the non-monotonic dependence of the creep strain limit magnitude on the stress. Also, the kinetic theory allows considering the anisotropy of metal properties in simulating the long-term strength under complex stress state conditions. Moreover, this theory enables the researchers to take into account the influence of an aggressive medium on the creep and long-term strength of metals by introducing the kinetic parameter of aggressive medium concentration in the metal.
Apparently, it is not easy to highlight wide capabilities of the kinetic theory in one chapter. Therefore, this chapter naturally fails to show them all. However, the following promising research directions should be outlined:
